
���������	�
������������������������ �"!$#$%'&"(��
��)+*,��('-�./�0���1�2-�!$34%")�.�56� )�798:7<;�-���)�=4#$-�)4-�#�5?>A@�@'BDCE����&4#$-�.$.F>
@�@'G�H

IKJMLONQPRLTSVUXWYJMLZWYNR[\W]LTS L^P_[a`bNcNdJMUeUTf^gihbUOjlkdU
mon_[pkdUOhb`bnpU

q�r�s�tvuRwTxzyb{i|~}��"�
�
� ri���'rO�z�T��������t~�
�z���
�4����� w��zu��1�Fri�
����{	r�u
� ri���'rO�z�����2�����<��� ��� �� ¢¡ u�£�¤�¥¦�
ri���'r�§$��x¨�4u��,©

ª £�ri�A|0t~�O«¬x��Mx � �
�'ri�����
,{	�   |vri®o{��¬�¦r6��t~{���r�|]9r6¯�{��'r6�
{��
�
,{	�   |vri®o{��"���2�°�±�<�i²	� � �� ³¡µ´ �"®���¥�|vri��|�x¨¶�{is�©

·+¸D¹�º¬»+·T¼¬º2½p¾F¿�À¬ÁÂÀ
ÃiÄÆÅ6À
Ç	È�À
É�Ê�ËÂÌ�È�À'ÅiÍ�ËÂÀ9Î/Ì4Ë�ÏÂÀ
Ð�ÐÂÄEÇ�Ñ�¿iÒiÊ	À�Ë�Ê	ÓÔËµÓ"ÕTÀ
Ð�À�Ë�Ï�ÄEÏ�À
Ï�ÏÂÀ
ÇiÐ�Ä~Ó"ÖEÖEÒ�Ð�¿�À9Ï�Ó"ÕTÀ×ÓÔÏ�ÐÂ¿�À
Ð�À�È�¿�Ç�Ä~Ø4Í�À
Ï,Ì"Î	ÙoÚ�Û$Ü�Ü�ÓÔÇ	Å:Ñ4À
Ç�À
ËµÓÔÖ0ÄEÝ
À�Å¬ÕOÓ�Þ�ÄEÕ¦Í�Õ_ÖEÄ0ß�À
ÖEÄE¿�ÌiÌ6Å à±áâÇ�ÖEÄEß4À,Ð�¿�Ì�Ï�ÀãÌ4Ö~ÅiÀ
ËzÐÂÀ'ÈÂ¿�Ç�Ä~Ø�Í�À
Ï,¿�Ì"äãÀ
Ã4À�Ë'å"ÐÂ¿�À
À
ÃiÄ~ÅiÀ
Ç	ÈAÀ¦Ê�ËÂÌ�È�À'ÅiÍ�ËÂÀ¦¿�Ó"Ï�æ�À
À
Ç2ç�Í�Ï�ÐÂÄ?è	À'Å�é$Ó"Ç	ÅTÍ�ÏÂÀ'Å�ê�Ó"Ï�ÓÔÇëÓÔÊ�Ê�ËÂÌ�Þ6ÄEÕOÓ"Ð�ÄEÌ�Ç�Ð�Ì�Ð�¿�À¬¿�ÄEÀ
ËµÓÔËµÈÂ¿�Ä~È
ÓÔÖíìãÓ�Ò4À
ÏÂÄÆÓÔÇ
È
ÓÔÖÆÈAÍ�Ö~Ó"Ð�ÄEÌ�Ç�à2îRÀ¦Í�ÏÂÀ�Ï�À
Ã�À
ËµÓÔÖïÀAÞ�ÓÔÕ+Ê�ÖEÀ
Ï:Ð�ÌoÀAÞ6Ê�Ö0Ì�Ë�À2Ð�¿�À�Ã4ÓÔÖEÄÆÅ6Ä0Ð$ÒOÌÔÎ]ÐÂ¿�ÄEÏ×çAÍ�Ï�ÐÂÄ�èzÈ
Ó"ÐÂÄ0Ì�Ç�à2¾F¿�À
ÇRäãÀ+ÅiÀ
ËÂÄ0Ã�À
Í�Ê�Ê�À
Ë�Ó"Ç	ÅVévÌÔÎvÐ�À
ÇRÖ~ÓÔË�Ñ4À�ê�ÖEÌ"äïÀ
Ë�æ	Ì�Í�Ç	ÅiÏ2Ì4Ç_Ð�¿�ÀOÅiÄ?ð±À
ËÂÀ
Ç	È�ÀOæ�À
Ð$äãÀ
À
ÇpÐ�¿�ÀTÀ
ÃiÄ~ÅiÀ
Ç	È�ÀTÊ�Ë�Ì�È�À�ÅiÍ�Ë�À�ñ ÏOÓ"Ç�ÏÂäïÀ�Ë
Ó"Ç�Å�Ð�¿�À�¿�ÄEÀ
Ë�Ó"Ë�È�¿�ÄÆÈ�Ó"ÖFìïÓ�Ò�À
Ï�Ä~Ó"ÇaÓÔÇ�Ï�äãÀ
Ë�å�ÎvÌ4Ë¬ÕOÓ"ÇiÒoÅiÄ?ð±À�Ë�À
ÇiÐ�Ø4Í�Ó"ÇiÐ�ÄEÐ�ÄEÀ
Ï�à+îRÀ2Ê�ËÂÀ
ÏµÈ�ËÂÄEæ	ÀoÓOÏÂÄ0ÕTÊ�ÖEÀ4åzÀ'ÓÔÏ�Ò
Ð�Ì+ÈAÌ4Õ+Ê�Í�Ð�À4å�Ð�À
ÏÂÐ�ÐÂ¿	Ó"Ð�È
Ó"ÇoÈÂ¿�À'ÈÂßoÐÂ¿�À¬Ã4Ó"ÖEÄ~ÅiÄEÐ$Ò2Ì"Î9Ð�¿�À2Ó"Ê�Ê�ËÂÌ�Þ�Ä0ÕOÓ"ÐÂÄ0Ì�Ç�ÓòÎvÐ�À�Ë�Ð�¿�À�ÎóÓ4ÈAÐ'à9îRÀ¬ÓÔÖ0ÏÂÌ�Ð�Ì�Í	ÈÂ¿1Ì�Ç
Ï�Í�æ4ç�À'È�ÐÂÏ¦ÖEÄEß4À¬ÐÂ¿�À+È�ÖEÌ4ÏÂÀ�Ë�À
Ö~ÓÔÐ�ÄEÌ4Ç�ÏÂ¿�ÄEÊoæ�À
Ð$äïÀ�À
ÇaÐÂ¿�À�À
ÃiÄ~ÅiÀ
Ç	È�À�Ê�Ë�Ì�È�À'ÅiÍ�Ë�À1ÓÔÇ	ÅXÕ1Ó�Þ�ÄEÕ2Í�ÕôÖEÄEß4À
ÖEÄE¿�ÌiÌ�Åzå	ÓÔÇ	Å
Ð�¿�À+Ï�À�Ö�ÎõÛöÈ�Ì�Ç�Ï�ÄEÏÂÐ�À
Ç	ÈAÒRÌ"Î�ÅiÀ
Ë�ÄEÃiÄEÇ�ÑoÊ�ËÂÄEÌ4Ë�Ï�æ<ÒMÁ$è�Ë�Ï�ÐöÛóÊ�Ë�ÄEÇ	È�ÄEÊ�ÖEÀ
ÏÂÉ÷ÓÔË�Ñ4Í�Õ+À
ÇiÐ�Ï�ÐÂ¿	Ó"Ð¦Å6Ì4Ç�ñ Ð�Ï�À
Ð2Ð�¿�À+Ã4Ó"ÖEÍ�À�Ï¬Ì"Î
¿iÒiÊ	À
ËÂÊ	Ó"Ë�Ó"ÕTÀ
Ð�À
ËÂÏ'à
ø�ùEùEù9ú�û4ü+ýEû�þ/ÿ��µÿ�û��µÿ����	��
�iÿ��iú���ÿ����"û���
��Âý���
ãú�����ÿ��µÿ�û��µÿ�
���
���ÿ��/ú������"þ �!���"�iú#�"ý$�Eý%
?ü�
���ÿ&�	�öü(')�iÿ��
ú#�	�µÿ2ú�û�ü
�<ÿ	*�ý/ú(
õý��"ûoú#�"
��+�oú#
~ý��
ú��$�?ü,�~ÿ�ú-���.
��2ýEû/�0�Ôû"��ý$��
vÿ�û/�öü6ù$1 Û32zà"4�Í�ÖEÖ$åiÄEÇ6587:9

ø<;�="�	�Oÿ��zú�*�ÿ?>�ÿ@��
~ý$�Xú(
vÿA�1ú��B�!�zú�þ��0�+�C
D�	ÿ���ú#
$ú�ú'û��E
D�	ÿ�ûF�!�0�G�µÿ�ÿ��<ÿ���ú��:ý0þ�ú��B�!�zú¬ý$��Hiû!�#�,û�ùJI&
,ý$�,�iÿ	
?
vÿ��

��K�+�µÿ�
��	ÿL��
$ú�û/��ú��&���1ÿ	
D�!�G�����"þ�MFú�ü�ÿ���ý/ú�ûN��
$ú#
~ý$��
õý��?��ú'û/��ýEû/
vÿ?O#�
ú(
/ÿP�"�"
ãú��Q� �zú<ù$1 Û]ì:à!R2à"SâÄ0Ê�Ö0À�Ò<å�ÄEÇ65$T�U:9

V)W X-Y)Z�[-\]_^a`#Z�bD\Y
��� ®dr6�	� ����ri��tv����t ´ �X}z�
{�¯�|~�"®d��{��z�p£�r��X{��z�a{��d®o{��
�dc�£���}��"�
}�ri��ri®o�"�
�"�'�:e ¡ �A{�®o�"��t~®o�4� ´ r�|E|~�4u
c�����tv�
ri� ´ �b}�ri��ri®o�"�
�"�'�:e�©+¤¬£�t ´ £ô{ ´"´ �z��t~�ô��£z�Vu�tv������t~¯z�z��t~{����_{i§�t~�	�
�"���4���R¯z�z�R®dr�� �z{���¯��Z{i§
u�t~�
� ´ �2t~�	���"�
�4�����
£z�"®d�A��|Æs��4�"x+«Jf�ri®o}�|~�4�Tri�
�1r ´ £z{it ´ �o{i§�®o{zu���|��ïrX�z{itv���O|~�"s���|��ïrX�
�"¶���|vri��t�g4ri�AtÆ{��
´ {�������ri�	�:t~�^rë�
�"¶��
�4�
�µtÆ{��a}z�
{�¯�|~�"®a��ri��uhc	iJeDt~�a®dr-fz�"����t~®dri¶����
� ´ {������
�
� ´ ��t~{��9x

w�{i¤l�
{+u��4r�|,¤�t~�
£dr2£��	}��"�
}�ri�'ri®X�"�
�"�	j   §$��|E|ak�r����4�Âtvri�dri}z}z��{	r ´ £Otv�F�
{�®dr6�
¶it~��r�|Et�g"��{��z�F�
£z�
£��	}��"�
}�ri�'ri®X�"�
�"�4x ¡0l £�tv��tv�,c�£�t~�"�'r6� ´ £�t ´ r�|k�r4���4�&e�m9���"��n � � �#o xÆ©   �z{��/m<k�r����4�Âtvri�ori}z}z�
{	r ´ £O®Ot~¶�£��
���"�O�
£z��£	��}��"��}�ri�'ri®o�"���"�+�
{bra�µtÆ�z¶6|Æ�_s<r�|~�z����r6��uM�����d��£�ri�+sir�|~�z�R�
£z�
{��z¶�£z{��z�1��£z�÷���z¯��A��p��z�"���
ri��r�|~�z�Âtv�"xl�z{��O��f�ri®o}�|~����{��z��®Ot~¶�£�� ´ £z{�{	���R��£z�d£��	}��"�
}�ri�'r6®o�"�
�"�os�tvrp®dr-f�t~®1�z® |0t~����|Et~£z{�{±uqm
´ £z{	{	�A�o�
£z�o£��	}��"�
}�ri�'r6®o�"�
�"��rM��� ´ £M�
£�ri����£z� ´ {���u�t~��t~{���r�|�}z�
{�¯�ri¯�tE|Et~�µ�ts ¡0uwv rã© ¡ {��+r<|Æ���"�
��r#m
��t~s���|~�xs ¡ r v)u ©
©:tv��®dr-f�t~®Ot�g"�4u,�ã¤¬£z�"�
� u tv��{��z�"y���uzri�'rzxT��� ´ �"�	�A|Æ�_t~�+£�r��2¯��"�"� ´ |vr�t~®o�4uZ�
£�ri�
�
£�tv����t~��uR{i§F�z{��/m<k�r����4�Âtvri�ari}z}z�
{�r ´ £�tv�¬rë¶�{	{zu�ri}z}z�
{-f	t~®dr6��t~{��R�
{O�
£z�2§$��|0|�k�r����4�Âtvri�ari}z}z�
{�r ´ £
¤¬£z�"�z�"s��"��s ¡ r v#u ©ãtv��}��4ri���4uRr���rD§$�z� ´ ��t~{��R{i§zrxn � � ���	o xï�Â�R�
£z� ´ {��	����f±��{i§9�
£�tv� ´ |vr�t~®a���A�"�
��t~�z¶
ra��{o�
£z��s<r<|Æ�z�T®dr-f�t~®Ot�g�tÆ�z¶{s ¡ r v#u ©Ftv�¬���z{i¤¬�ar���c��
£z���"s�tvu��"� ´ �o}z�
{ ´ �4u��z�
��e|n � � ��� � ��} � � ² o x

�



} qOx±wTxzyb{6|Æ}��"�
��ri��u ª x�«�x±�Mx � ���'ri���
�

«âs��"� �
£z{��z¶�£ �
£z�p�"s�tvu��"� ´ � }z�
{ ´ �4u��z�
�b£�r��R¯�� ´ {�®o�p}�{�}z��|vri�bri®o{��z¶	���R��{�®o�xk�r����4�Âtvri���"�
�
£z�Ts<r�|Etvu�t~�µ�p{i§ãt~�'� ´ |õr<tÆ®e��{dri}z}z�
{-f�tÆ®�ri�
�+��£z�Nk�r����4�Âtvri�^r6}z}z�
{	r ´ £R£�r����z�"s��"�¦¯��"�"�p�
£z{��
{��z¶�£�|Æ�
u�tv� ´ ���
���4u,x ª {�������p��z�"�	��|~�_�
£z�+r ´"´ �z�'r ´ �R{6§]�
£z�T}z�
{ ´ �4u��z�
�1r������ ´ £pri�^r6}z}z�
{-f	t~®dri�AtÆ{���tõ���'ri����|Æ�
´ £z� ´ ���4uë{��ï���"}�{��
���4u,x]�ã�"��£�ri}��ã�"s��"�O®o{��
���
�"®�ri�
�<r6¯�|Æ���6§ó{��]��{�®o�¬ri}z}�|Et ´ r6��t~{����:�
£z�:§ó��|E| k�r����4�Âtvri�
ri����¤��"��tv�ã�4r��Ât~�"�F�
{ ´ r�| ´ ��|õr6�
�¬ri��uOri}z}�|~�6n ��� � } ��� �#o x��F�"�F®dri�����
�4���4ri� ´ £z�"�'���µ�z®X}ë�A�
�'r�t~¶�£��9�
{2�
£z�
ri}z}z�
{-f�t~®dri��t~{��o{6§×��£z�¬�"s�tvu��"� ´ �T}z�
{ ´ �4u��z�����	¤�tÆ��£z{��z� ´ £z� ´ ��t~�z¶Tt0§ã�
£z�¬��f�r ´ � ri���A¤ �"�âtv�����'r ´ �'ri¯�|~���
{���tE§F�z{��4��tE§F}��"�
£�r6}��¦��{�®o�+ri}z}z�
{-f�tÆ®�ri��t~{��R{��
£z�"���
£�ri�R�
£z���"s�tvu��"� ´ �o}z�
{ ´ �4u��z�
��tv��}z�
��§$�"�'ri¯�|~��x

�Â�R�
£z�����'����}�ri���¬{i§ï�
£�tv��}�r6}��"�2¤ �����'r6�
�¦��£z���"s�tvu��"� ´ �O}z�
{ ´ �4u��z�
���z¶it~s�tÆ�z¶�¯�{��
£ari��t~�	����tÆ�AtÆs��
ri�
¶��z®o�"�	�F��£�ri�ãt~�ãtõ��r2¶�{�{zu1r6}z}z�
{-f	t~®dri�AtÆ{��dri��uori�Tt~���
��t~��t~s���r6�
¶��z®o�"���F�
£�ri�ãt~�Ftv�â�z{��4x9yZ�¬�
£z�"�
��fz}�|Æ{��
�o�
£z�Os<r<|0tvu�t~���p{i§ �
£z�O}z�
{ ´ �4u��z�
�Tt~� rR�Ât~®o}�|~�
	�ri���
�Âtvri���2��f�ri®o}�|~��xT���p�
£�tv�2��f r6®o}�|~�o�
£z�
}z�
{ ´ �4u��z�
��§�r�tE|v�ã®Otv���"�'ri¯�|~�T§ó{�� ´ �"�
��r�t~�1{�¯��µ� ´ ���ã{i§zt~�	�
�"���4���4�i¯z�z�F¤�{��
�z�,§${��ã{��
£z�"�'�Ôx9yb���"��uT¤�t~�
£dr
§${��
®dr�|9u�tv� ´ ���
�Ât~{��R¶it~s�t~�z¶O|~{<¤��"�¬ri��uX�z}z}��"�¬¯�{��z��uz��{��X�
£z��r6}z}z�
{-f	t~®dri�AtÆ{��d�"�
��{��:tÆ� ´ �z���
�4u�¤�t~�
£
�
£z�¬�"s�tvu��"� ´ ��}z�
{ ´ �4u��z�
��x l £z�¬¯�{��z��uz� ´ {�� ´ �"�
���"�
�
{��ãt~���"s<r�|~��ri�AtÆ�z¶X�
£z�¬}�{����
�"��t~{���ri��r�}�{it~�	�4�6t~�
�"s<r<|Æ��r6��t~�z¶R�
£z��§$��|E|]}�{	���
�"��t~{�� ¡ ¯�{���£^���z}z�
�"®O�z® �z{��
® ri��u�����z{��
® �"�
��{��"©'��t~�_�4����t~®dri��t~�z¶��
£z�
}z�
�4u�t ´ ��t~s��+u�tv���
�AtÆ¯z�z�AtÆ{��9��ri��uTt~���4����t~®dri��t~�z¶T��f±}�� ´ �'ri��t~{���s<r�|~�z�4�"x l £�tv� u�tv� ´ �����Ât~{��au��"®o{��������'ri�
�4�
��fz}�|0t ´ t~��|~�a��£�ri���
£z�¬t~��§${��
®dr<|���������t�� ´ ri�AtÆ{����:§ó{����
£z�2�"s�tvu��"� ´ �O}z�
{ ´ �4u��z�
�2§${��z��uOt~�R�
£z�2|Et~�
�"�'r6�
�z�
�
ri�
��t~��r�u���p���ri�
��xM�Â�dr�|v��{b£�r��1tÆ®X}�|0t ´ ri�AtÆ{����X§ó{��O�
£z�a�A��|0§ m ´ {����Âtv�����"� ´ �l{i§Dr6�	� c����'���&m$}z��t~� ´ t~}�|~�4�&e
ri�
¶��z®o�"�	�:§${��¦rO}z�AtÆ{��¬�
£�ri�¦u�{��4���z{����/f r�|E|F£	��}��"��}�ri�'ri®o�"���"�'�âtÆ�_�
£�ri�¬}z�AtÆ{��4x

  �
� ´ �z����t~�z¶1��£z�"®o�¦��£z�
{��z¶�£z{��z�F��£z�¦}�ri}��"�:tõ�:�
£�r6�ã§ó{��:®dri����p���ri����t~��t~�4�:{i§,t~�	�
�"���4���4���
£z�¬�"s�t�m
u��"� ´ ��}z�
{ ´ �4u��z�
�+¯�� ´ {�®o�4��®X{��
��r ´"´ �z�'ri�
��r��:�
£z�2{�¯���� ´ ��{i§9t~�	���"�
�4���¬¯�� ´ {�®o�4��®o{��
��u�{�®Ot~��ri�
�4u
¯��a�
£z�O|Et~����|Et~£z{	{zulu�tv���
��t~¯z�z��t~{��9xX���b{��
£z�"��¤�{��'uz�"��§${��2�
£z{	����p���ri�	�AtÆ�AtÆ�4�D�
£z�o}z�
{ ´ �4u��z�
�Otv�D®o{	���
r ´"´ �z�'r6�
��¤¬£z�"�a��£z��}z��t~{���tv��t~�
����|Æ�"siri���4�í�A{o�
£�ri���
£z�"�
�2tv���z{o�z�"�4u�§${��,k�r����4�Âtvri�ar6��r�|~�±�Âtv�"x

yZ�¬�"®o}z£�r��Ât�g"���
£�r6�F£z�"�
�¦¤��¬{���|Æ��ri��r�|~�!g"�2£z{i¤ ¤���|E|í�
£z���"s�tvu��"� ´ �+}z��{ ´ �4u��z�
��ri}z}z�
{-f�t~®dri�
�4�
�
£z�O§$��|E|,k r����4�µtõr6� ri����¤��"�4x�yb�Rri�
�o�z{�� ´ {�� ´ �"�
�z�4uZ¤�t~�
£M¤¬£z�"�
£z�"�T�
£z�o}z�
{ ´ �4u��z�
�R®o�"�"�'�D�z{��/m
k�r����4�Âtvri�du��4�Âtvu��"�'r6�'rzx ¡ «¬x ¶�x~��u��4�Âtvu��"�'ri��r2|Et~���¦����p���t~��t~�z¶O�
£�ri�F{��z�"y?��ri����¤��"��u�{��4���y¨� ´ £�ri�z¶��¬¤¬£z�"�
r�uzu�t~��t~{���r�|ãt~�
�
��|~�"s<r6�	��t~��§ó{���®dri��t~{�� tõ��t~�	���
{±u�� ´ �4u,��{���|Et~���O�
£z�Ou��4�Âtvu��"�'ri�'rTt~� � � ´ ��t~{�� � x��O{i§.n ����o
�
£�ri��r ´ �
��r�|E|~�ër6�
¶��z��§${��F�
£z�¬���A�¬{i§í®�r-f	t~®O�z® |Et~����|Et~£z{	{zuXt~������� ´ {��	�
��fz�'�"���z{����������F�
£z{	�����
��|vri�
�4u
�
{M£	��}��"��}�ri�'ri®o�"���"�'�"xE©°��{��Ru�{l¤��^®�ri���bri��� ´ |õr<tÆ®�� ´ {�� ´ �"�
��t~�z¶ £z{<¤e{��z�V�A£z{���|vu �����p�
£z�
}�{����
�"��t~{�� ¡ ��x ¶�x~�,�'ri����t~�'��®X�4ri�ps±�"xO��ri����t~�'�D®o{zu��i©'�9ri�ptv�
���z�X}z�
{�}��"�A|Æ�br�uzu����4�
���4up¯��^u�� ´ tv�Ât~{��
�
£z�"{�����x��_{��
�"{is��"���F¤��R®dri���R�z{ ´ |vr�t~®d��ri¯�{��z�d£z{i¤ ¤���|E|¦�
£z�_}z�
{ ´ �4u��z�
�a¤�{��
�z�Tt~� }z��r ´ ��t ´ ��x
¡�  }z��{ ´ �4u��z�
�"y?�O¯���t~�z¶M�z{��/m<k�r4���4�Âtvri� u�{	�4�T�z{��O®o�4r6�MtÆ�X¤ {��
�±�D}�{�{���|~�ZtÆ�l}z��r ´ ��t ´ ��xE© � ����u�tÆ�4�
�"®o}�t~��t ´ r�|E|~� ´ {�®o}�ri��t~�z¶��
£z�:�"s�tvu��"� ´ ��}z�
{ ´ �4u��z�
���
{2{��
£z�"�9®o�"��£z{±uz�×§ó{��]���"����t~�z¶¦£��	}��"�
}�ri�'r6®o�"�
�"�'�
£�r�s��o¶it~s��"�M®Ot$fz�4ub�
�4�A��|Æ����nE�	�ã��� �4� � � ²z� ��� � � �	� � �z� �4� � } � o xdw�{i¤ �"s��"��t~� �"s�tvu��"� ´ �"y��Ou���§ó�"���A�
¤��¦�z{��
�¬�
£�ri�¬�pr ´�� r��O£�r��:�
� ´ �"����|~�o¤�{��÷rT}z�
�4u�t ´ ��t~{�� ´ {�®o}��"��t~��t~{��xn ��}-o ¯��o���Ât~�z¶O�
£z�2�"s�tvu��"� ´ �
}z�
{ ´ �4u��z�
���,r�|~¯���t~�2t~� ´ {����µ�z� ´ ��t~{��_¤�t~�
£^�A{�®o�+�z�"¤ �
� ´ £z��t�p��z�4��|EtÆ���ë�A�'r ´ ��t~�z¶ n }-o ri��uR��£z�+�����T{i§
u�t��9�"�
�"�	���
�"¶���|vri��t�g4ri��t~{��p£��	}��"�
}�ri�'r6®o�"�
�"�'�â§${��¦u�t��9�"�
�"�	��}�ri�
�'��{6§]�
£z�+�A}�r ´ ��x

� W �! #"/Z b%$FZ� #&&('Jb�]�&)Y`�&*)J[�\`�&/]_^a[+&-,
l {�t0|E|~�����
��ri�
�O�
£z�O�"s�tvu��"� ´ ��}z�
{ ´ �4u��z�
��� ´ {����µtõu��"�T�
£z� ´ r����O¤¬£z�"�
�O�
£z�O£	��}��"��}�ri�'ri®o�"���"��}�ri�'ri®�m
�"�
�"��t�g"�4�O��£z�R}z��t~{��ou�tõ�A�
��t~¯z�z��t~{�� {is��"�O�
£z��£��	}�{��
£z�4�Âtv����}�r ´ ��{i§¦s�� ´ �
{��'�/.ïx ¡0l {^u�tv����t~�z¶���tv��£ t~�
§$�
{�® �
£z�T¶��"�z�"��t ´ £���}��"�
}�ri��ri®o�"�
�"��rF�	��£�tõ����tÆ��u_{i§F£��	}��"�
}�ri�'ri®X�"�
�"�¬tv��t~��u�t ´ r6�
�4u_¯	�{i:xE© � {�®o�
��f�ri®o}�|~�4��ri�
�¬�
£z���pr-f�«F����ri��u
	�ri���
�Âtvri��u�tõ�A�
��t~¯z�z��t~{�����0Ps ¡ . v iâ©21 ��f±} ¡ i�3 ¡ .�©
©54�6�7 ¡ iF©'��ri��u
s ¡ . v iâ©98 i�:�;5<>=@?BA v�CD v E �z���4��}�� ´ ��t~s���|~��x



yôw  �l k   ��« � w  T� l�� ��  �   k � � l l w2« «��2�µq�«:� ª «��:� ��ª «�q � �¬« �

yZ��t~�
���
£z��}�{����
�"��t~{��¦u�tv������t~¯z�z��t~{��br��

s ¡ . v#u ©91 �
s ¡0u ©

� s ¡ i���.�� u ©	�!i�
 ¡ � ©

�_��|~��t~}�|~�ari��uau�t~s�tvu��1��£z�2tÆ���
�"¶���ri��u�t~� ¡ � ©F¯	�|s ¡ i v#u © 0

s ¡ . v#u ©98 � s ¡ i���.�� u ©
s ¡ i v#u © s ¡ i vGu ©�� i 8 � s ¡ . v i�� u © s ¡ i v#u ©	� i�
 ¡ } ©

y £z�"� s ¡ i v"u ©:tõ�2��£�ri��}�|Æ�R}��4ri���4upri¯�{��z� i���Dt~��y�����ri�
�z�'r�|ã�
{o�
�
�4r6��t~��r��2rou���|~�'rë§ó�z� ´ �AtÆ{��
ri¯�{��z�Ni���dr6��u ´ {i|E|vri}������
£z�O|vr��A�2tÆ���
�"¶���r�|�t~� ¡ } ©'x l £z�Otvu��4r_{i§ ´ {6|0|vri}��µtÆ�z¶ k r����4�µtõr6�pt~�	�
�"¶��'r�|v�
�
£�tv��¤�r��Xtv�¬{i|vu,��¶�{it~�z¶�¯�r ´ �ar6��|~�4r����¦r���§�ri�¦r���n �#o x:����§${��
®d���
£z� ´ {���s��"����t~{���r�|B��������t�� ´ ri�AtÆ{��a§${��
�
£z�os�t~�"¤³�
£�r6���
£z�o�"s�tõu��"� ´ ��}z�
{ ´ �4u��z�
�Xtõ�Tri� ri}z}z��{�f�t~®dri��t~{��p�
{R��£z�O§ó��|E|.k r����4�µtõr6� ri}z}z�
{	r ´ £��
�
£z���"s�tvu��"� ´ �1}z��{ ´ �4u��z�
�O�
r��±���
£�ri�

s ¡ . v#u ©�� s ¡ . v i����� u ©28 s ¡ . v i�����© s ¡�u v .�©�
 ¡ � ©

� ��u��"�F®dri��� ´ t~� ´ �z®d����ri� ´ �4� ¡ ��x¨¶�xõ�4�
��|vri�AtÆs���|Æ���íri��s ¡ iâ©
©,�
£�tv�ã��t~��uO{i§����4r���{���t~�z¶+r�|v��{�ri}z}��4r6�'�
�
{O���z}z}�{���� ��£z�¬tvu��4rO{i§F���"�
��t~�z¶�s ¡ . v#u ©ï�
{�s ¡ . v"u �	ri��¶�®dr-f A s ¡�u v iâ©
©'����{T|~{��z¶or���s ¡0u v iâ©
tv��ro}��4ri���4u÷§ó�z� ´ ��t~{��p{i§ i:x ¡ ���_§ör ´ �4�z�
£�tv�2��tÆ��u_{i§����4r���{���t~�z¶Rri}z}��4ri���¬�
{R���z}z}�{��
�����"�
��t~�z¶|il�
{
�
£z��®dr(f	t~®O�z® {i§]r<|Æ®X{	���¦ri���Ru�tõ�A�
��t~¯z�z��t~{��a{is��"�.iMri��u u �
£�ri��tv�¬rO}��4ri���4uX§$�z� ´ ��t~{��a{6§_i:xE© � {
�
£z�"�
�Ttv�+r6®1¯�t~¶���t~���Rt~�b¤�£�ri�¦}��4ri�p¤��ë�A£z{���|vub���"��i ��{��zt�x¨��xõ��tÆ�Z£z{<¤ ��{÷u�� ���z�6i��� ¡ ri®O¯�t~¶���t~�µ�
�
£�ri��tõ�2������� ´ �
�4u tÆ�p�
£z�D|EtÆ���"�'ri�
�z�
�i©�x  �´"´ {��'u�t~�z¶i|~���,¤¬£z�"�_t~��y���£z��|Æ}�§$��|F§${���tE|E|Æ���A�
�'ri��t~s��X}z�z�
}�{	�A�4�"�
¤��¦¤�t0|E| ´ {����Âtvu��"� s ¡0u v iF©:�'ri�
£z�"���
£�ri�|s ¡ i v#u ©âr6��u�¤�tE|0|ã�'ri���¬��£z���
�"�
® c��"s�tõu��"� ´ ��eë�
{O®o�4ri�
s ¡0u v iâ©��'ri�
£z�"���
£�ri� ¡ {��z�¬u���§�ri��|~�¦®X�4ri��t~�z¶z©Ls ¡ i v#u ©'x

� ����t~}z}��4up{i§���£z� ´ {��	�
��fz�2{i§���p���r6��t~{�� ¡ � ©��z�
£z�Ttvu��4rR{i§ ���"����t~�z¶R�
£z�O£	��}��"�
}�r6�'ri®o�"�
�"�2�
{��
£z�
s<r<|Æ�z�ti���ptv�R�4�����"�	�Atõr<|0|~� tvu��"����t ´ r�|1��{l�
£z�b�
� ´ £z��t�p��z�4�_{i§o�^am$�µ�Rri��u ¶��"�z�"�'r�|Et�g"�4uô®dr(f	t~®O�z®
|Et~����|EtÆ£z{�{zu n¨²�� � � ���#o x l £z�_}z��t~®dri�
�lu�t��9�"�
�"� ´ �p¯��"��¤��"�"� �
£z�R�"s�tvu��"� ´ �b}z�
{ ´ �4u��z�
�^ri��uM��£z{	���
{i|vu��"�+��� ´ £z��t�p��z�4��tv�D�
£�ri�2�
£z{	���o{6|õu��"�T�
� ´ £z��tDp��z�4�+u�{_�z{��+ri�
���"®o}z�¦��{/�µ�����At0§$�p�
£z�"®d����|~s��4�D¤�t~�
£
�
£z�¦r6}z}z�
{-f	t~®dri�AtÆ{��Ot~�o��p���r6��t~{�� ¡ � ©��i¯z�z���'ri��£z�"�Fs�t~�"¤ô���"�
��t~�z¶Ki 1 i�����r�������� �"!#� ���
�4r��A{���ri¯�|~��x

  �ëtÆ�R���z�
���o{��z�4���
£z�"�
�bri�
�_�
�4r���{����o�
{lu�{��z¯z���
£z�ps<r�|Etvu�t~����{6§+��p���ri�AtÆ{�� ¡ � ©'x � �z�b��� ´ £
�
�4r��A{��Otv�F�
£�r6�Ft~�d¶��"�z�"�'r�|��
£z� ´ £�ri�z¶���{i§9s<ri��tvri¯�|~�4�Pi 1%$ ¡ i'&~©ã�
�4����|~�'�ãt~���
£z�¬�"s�tvu��"� ´ ��}z�
{ ´ �4u��z���
�
�"�
�z����tÆ�z¶xs ¡ . v i�� u ©¬§${��1r6�hiôu�t��9�"�
�"�	�T§$�
{�® i����	x l £�r6��tv�"�F�
£z�)(�r ´ {�¯�tvri�l{i§¬�
£z��s<r6��tvri¯�|~�
�
�'r6���Â§ó{��
®dri��t~{�� ´ ri� ´ £�ri�z¶����
£z�+u�tv������t~¯z�z��t~{��y���®o{±u���¤�£�t0|~�O����tE|E|ï|~�4r�s�t~�z¶Xt~�¬}��4ri���4u,xF���_¶��"�z�"�'r�|
�
£z�"�
�R¤�t0|E|�¯�� §ó�z� ´ ��t~{����)$V§ó{��O¤¬£�t ´ £ s ¡ i &Nv�u ©2tv�X£�tÆ¶�£�|Æ�l}��4ri���4u ri¯�{��z��ri� i & ¤¬£�t ´ £�u�{��4�
�z{�����p���r�|	$ ?�* ¡ i�����©'x+� {��+��� ´ £bri�+$a��£z�1�"s�tvu��"� ´ �d}z��{ ´ �4u��z�
�X�����4up¤�t~�
£p�
£z�o£���}��"�
}�ri��ri®o�"�
�"�
s<r6��tvri¯�|~�Ni & ���"�
�z�
���¬rO}�{	���
�"�AtÆ{��¦u�tv���
��t~¯z�z��t~{��_§${�� .a¶6tÆs��"�a¯�� s ¡ . v i & ��� � u ©F¤¬£z�"�
��i & ���-,1 i����	x
n }"}-o � {1��£z�¦ri����¤��"��{6§×��£z�¦�"s�tvu��"� ´ ��}z�
{ ´ �4u��z��� ´ ri� ´ £�ri�z¶��¬�z��u��"�¦rDs<ri�Atõr6¯�|Æ�����'ri���Â§${��
®dr6��t~{��O{i§
�
£z�O£��	}��"�
}�ri�'ri®X�"�
�"�4�,¤¬£z�"�
�4r��¬�
£z�O�
���z�1}�{	���
�"�AtÆ{�� ´ ri�p�z{�� ¡µ´ §
x¦��p���ri��t~{�� ¡ � ©
©'x l £�tv�+���z¶�¶��4���'�
�
£�ri���
£z���
�4r���{���tÆ�z¶��"®O¯�{zu�t~�4uRt~�_��p���ri�AtÆ{���� ¡ � ©��
£z�
{��z¶�£ ¡ � ©�®O������¯����ír�¤��4u,x��_{��
�2tv���z�"�4u��4u
�
£�ri�a�µtÆ®X}�|Æ�_£�r�s�t~�z¶drou�tv������t~¯z�z��t~{��p{<s��"�LiMri��u u �
£�r6��tv�2ro��£�ri��}�|Æ�R}��4ri���4uX§$�z� ´ ��t~{��p{i§3i:x

  �z{��
£z�"���
�4r���{�����{¦u�{��z¯z�9�
£z��r ´"´ �z�'r ´ �2{i§z�
£z��ri}z}z�
{-f�t~®dri��t~{��DtÆ� ¡ � ©�ri��tv���4�×§$�
{�® ´ {����µtõu��"�AtÆ�z¶
�
£z���"s�tõu��"� ´ ��}z�
{ ´ �4u��z����§ó��{�® r2¶��'ri}z£�t ´ r�|z}��"�'��}�� ´ ��t~s���x l £z� ´ {����
{��z�F}�|~{����,t~�/��¶��z��� � ��£z{i¤l��¤�{
£��	}�{��
£z�"��t ´ r�|.s ¡ i�� . v�u ©�y��Ô�,§${���{��z�	m�u�t~®o�"���Ât~{���r�| .ïx l £z�X}z�
{ ��� ´ ��t~{�����{6§ �
£z�4���Ru�tv���
��t~¯z�z��t~{����
{����
{R�
£z�6i ri��u .lr-fz�4�+r6�
��s ¡ i v)u ©¦ri��uxs ¡ . v�u ©'�,�
�4��}�� ´ ��t~s���|~��xR���b¯�{��
£b}�|~{�����s ¡ i v�u ©
tv�2}��4ri���4u,�íri¯�{��z��i 1 i����x l £z�O�"s�tvu��"� ´ �o}z�
{ ´ �4u��z�
�"y��2}�{	���
�"�AtÆ{���u�tv���
�AtÆ¯z�z�AtÆ{��ptv�¬¶it~s��"�p¯��R�
£z�



² qOx±wTxzyb{6|Æ}��"�
��ri��u ª x�«�x±�Mx � ���'ri���
�

    

f

α

αev

P( f  | D)

f

f

P( f  | D, αev)

P(α, f  | D )

P(
α 

| D
)

αα

f

α

αev

P( f  | D)

f

f

P( f  | D, αev)

P(α, f  | D )

P(
α 

| D
)

��t~¶��z�
� � 0 ª {����
{��z�¬�����"� ´ £z�4��{i§F£	��}�{��
£z�"��t ´ r�|3s ¡ i���. vGu ©�y��¬r�|~{��z¶o¤�tÆ��£a�
£z��t~�2}z�
{ ��� ´ ��t~{�����{����
{
�
£z�,i_ri��u .Rr-fz�4�"x l £z�¬¯�{��
�
{�® }�|~{��'�Fr6�
� ¡ }z�
{�}�{��
�AtÆ{���r�|±��{z©ï�Â|Et ´ �4��{6§í�
£z�¬u�tv���
��t~¯z�z��t~{������
£z�
{��z¶�£
i 1 i ��� x l £z��|Æ��§$�¬�����"� ´ £Ttv� rT��� ´"´ �4�
�:{i§,�
£z�¬�"s�tõu��"� ´ ��}z��{ ´ �4u��z�
����ri��uO�
£z�¬�AtÆ¶�£	��r2§�r�tE|Æ�z����x l £z�
��t~¶�£��¦�����"� ´ £�tv�2�Ât~®OtE|õr6�¦�
{O¤¬£�r6�¬{��z��¤�{���|vuR¶��"��§ó{����
£z� 	�ri�����Âtvri�a� ´ �"��ri��t~{Ru�tv� ´ ���
���4u ¯���|~{i¤+x
�Â|Et ´ �o{i§��
£z�T{���t~¶it~��r�| u�tv���
�AtÆ¯z�z�AtÆ{��^��£z�
{��z¶�£ i 1 i����x¬���p�
£z�D|~��§ó��}�|~{����
£�r6�¦�Â|Et ´ �o�
�4���"®O¯�|~�4�2�
£z�
�
�
�z�T}�{	�A�
�"��t~{��2}z�
{ ��� ´ ��t~{��9x,k:�z�2t~�p�
£z�+�AtÆ¶�£	�2}�|~{��2t~��u�{��4�2�z{��4x   ¶	r<tÆ�_¤��1���"�O�
£�ri��s ¡ i v u ©�y��
¯���t~�z¶�}��4ri���4u ´ ri�z�z{���¯��+��£z�+��{i|~� ´ ��t~�
�"�AtÆ{��R§${��¬�
£z��sir�|Etõu�t~���a{6§]�
£z���"s�tvu��"� ´ �ori}z}z�
{-f	t~®dr6��t~{��9x

l £z�4���O}z�
{�¯�|~�"®d��ri�
�T}�ri�
��tvr�|E|~�bu��z�O�
{d��£z�+§�r ´ �2�
£�ri��s ¡ i v u ©¬ri}z}��4ri�
�4u_t~�p�
£z�Tt~�	�
�"¶��'ri��u
t~� ¡ } ©]{���|Æ�Rr�§$�
�"�¬¤��2®1��|~��t~}�|Et~�4ubri��uRu�t~s�tõu��4u_¯��ot~�4x � {o�z{o®dri���
�"��£z{<¤ }��4ri���4u���£z���	�z®o�"��ri�
{��
s ¡ i v�u ©��ãt~�Otv�o��f�r ´ ��|~� ´ ri� ´ ��|~�4u ¯��M�
£z�au��"�z{�®Ot~��ri�
{��6s ¡ i v�u ©'x l £�tv�o�A�z¶�¶��4���'�ë�
£�ri�O�
£z�
§$�z� ´ ��t~{�� s ¡ . v i�� u ©�ri}z}��4r6��t~�z¶Ot~�a��p���ri��t~{�� ¡ } ©ãtv� �������¦r��:�'r6}�tõu�|~�Rsiri�
��tÆ�z¶�rT§ó�z� ´ �AtÆ{��R{i§_iMr��
s ¡ i v#u ©'��t~�a¤¬£�t ´ £ ´ r��A� ´ {i|E|õr6}��Ât~�z¶R�
£z�2t~�	�
�"¶��'r�|]ri�.i ��� tõ���z����������t����4u,x

��{��
���
£z{��z¶�£o��£�ri�FtE§ï�
£z��i m$}��4ri�o{6§3s ¡ i���.�� u ©,tõ� ´ |~{	������{Ni�������
£z�"�
�2®Ot~¶�£���¯���rD§ó{��
�
��t~�
{����
´ ri� ´ ��|E|vri��t~{��R{i§,}��4ri�z�:�
£�ri�F�
�"��u��"����s ¡ . v i�� u ©ïr+�Â|~{i¤�|~�Os<ri����t~�z¶T§ó�z� ´ �AtÆ{��d{i§i�x ¡
� �"�¬��p���ri��t~{��
¡ } ©�xE©¬y £�t0|~��t~�9tv�F���A��r�|E|Æ�ou�t�� ´ ��|~����{ ´ £z� ´ �T¤¬£z�"�
£z�"�F}z�
� ´ tv��� ´ ri� ´ ��|E|õr6��t~{��o{ ´"´ �z�'�"�	r6�]r�®Ot~��t~®1�z®
�
£z�O}��4r6�±�2®O�����2{is��"��|vri}b���z¯����'r6�	��tvr�|E|~�R§${��+��� ´ £ ´ ri� ´ ��|E|vri��t~{��b�
{�¯��X}�{	�
�µtÆ¯�|~��x ¡0l £�tv��tv��}z�
{is��"�
§${��
®dr�|E|~�Tt~� � � ´ ��t~{��R�zxE©�y £z�"�o�
£z�"���¬tv���A� ´ £�{is��"��|vri}Ot~��y��â}�{	���Ât~¯�|Æ����£�ri�F�
£z�¬�"s�tvu��"� ´ ��}z�
{ ´ �4u��z���
´ |~{	����|~�ori}z}z�
{-f�tÆ®�ri�
�4�,�
£z�.k�r����4�Âtvri�Ori����¤��"�4x9�Â�
{���t ´ r�|E|~����¤¬£z�"�
�4r����
£z�:t~�	�
��t~��t~{��O¯��"£�tÆ��uX��p���ri��t~{��
¡ � ©¦�A�z¶�¶��4���'�2��£�ri���
£z�o}z�
{ ´ �4u��z�
��¤�{��
�z�2¯��"�
�
�"�D§ó{���®o{��
�o£�t~¶�£�|~�b}��4ri���4uxs ¡ i v�u ©'�,�
£z�X�z�"�4u
§${��¦��£�ri�¦��r6�
�
{i¤Y}��4ri�a��{R{<s��"��|vri}a¤�t~�
£p�
£z�O}��4ri�p{i§ s ¡ i���.�� u ©����z¶�¶��4���'���
£�ri�2�
£z�O{�}z}�{��Ât~�
�Otv�
�
�
�z��x ¡0l £z�"{��
�"®¢²O¯���|~{i¤�}z��{<s��4����£�ri���
£�r6� c�{�}z}�{	�Ât~�
��eDtv�:t~��u��"�4u��
�
�z� ���
£z�2�"s�tvu��"� ´ �T}z�
{ ´ �4u��z���
§�r�tE|õ��§${��¦r�|~®o{	�A��r<|0|�._t~�a�
£z���
�"¶6tÆ®X�+{i§]�A��� ´ t~�"�	��|~�_}��4ri���4u s ¡ i v#u ©�xE©

l £z� }z���"s�t~{����â{�¯����"�
siri��t~{��o{��9�"�'�Fr��µtÆ®X}�|Æ�2�
�4���F��£�ri� ´ r6�o¯��¦r6}z}�|0t~�4uX�
{�{��z�"y��ã���4����|~���
{ ´ £z� ´ �
�
£z�o�"s�tvu��"� ´ �R}z�
{ ´ �4u��z�
��x��$§¬�
£z�6i m$}��4ri�Z{i§,s ¡ .���i�� u ©¦u�{��4���z{��+{is��"��|vri}p¤�t~�
£M�
£z�6i m$}��4ri�Z{i§
�
£z���"s�tvu��"� ´ �+�
£z�"� ´ {i|E|vri}��Ât~�z¶��
£z�2t~�	���"¶��'r�|,t~�R��p���r6��t~{�� } �
{O�
£z�+��£�ri�
}R}��4ri�o{i§F�
£z�2�"s�tvu��"� ´ �Ttv�
�z����������t����4u,x l {OtE|E|~�����
�'r6�
�o�
£�tv��¤ � ´ {����Âtvu��"�/	¦��|E|<y���§ör6®o{���� � ���Ât~�1��� ´ {������
�
� ´ �AtÆ{��hn �#o x ��t~¶��z�
� }
}�|~{��'��s ¡ i v�u ©¦ri��u s ¡ .���i�� u ©¬r���§$�z� ´ ��t~{����D{i§Li�§ó{��2�
£z� . ¡ t�x¨��x~�,�
£z�Tt~®dri¶��i©¦r6�¦�
£z�O}��4ri�p{i§
�
£z�2�"s�tvu��"� ´ �T}z�
{ ´ �4u��z���"y��:}�{	�����"��t~{��:tÆ�	¦��|E|<y�� � ���µtÆ����� ´ {������
�
� ´ �AtÆ{��9x l £z�2�µ¤�{�}��4ri�±� ´ |~�4ri��|~�Ru�{
�z{�� ´ r6� ´ ��|ö��¤¬£�t ´ £a®o�4ri�����
£z�+ri�
¶��z®X�"�	��|~�4r�u�t~�z¶��
{o�
£z���"s�tvu��"� ´ �O}z�
{ ´ �4u��z���1u�{��4�¬�z{���£z{i|vu,x



yôw  �l k   ��« � w  T� l�� ��  �   k � � l l w2« «��2�µq�«:� ª «��:� ��ª «�q � �¬« �

1 0
-5

2 3 4 5 6 7

1 0
-4

2 3 4 5 6 7

1 0
-3

                           α

P(α|Data)

P(α, f ,Data)

��t~¶��z�
� } 0   ´ {�®X}�ri��tv��{��p{i§,s ¡ i v)u ©¦ri��uxs ¡ i���.�� u ©¬r���§ó�z� ´ �AtÆ{����+{6§Li ��£z{i¤¦���
£z�"�bu�{a�z{��
{is��"��|vri}9x l £z�auzri�'r tv�O�'ri���"�b§$�
{�® 	¦��|E|<y�� � ���µtÆ�_�
� ´ {��������
� ´ ��t~{�� 0
. £z�"�
��tv�O�
£z�a�   � {6§¦�
£z�
�"s�tõu��"� ´ �O}z�
{ ´ �4u��z�
�T}�{	�����"��t~{��>.p}z�
�4�A�"�	�
�4uXt~� 	¦��|E|<y��¦r6�
��t ´ |~� ¡ ���"������f±�"©�x

�Â�¬�
�z�
����{��z�¬��£�ri�¬�"s��"�_¤¬£z�"�a}��4ri�±� ´ ri� ´ ��|�ri��u{s ¡ i v"u ©Ftv�¬£�t~¶�£�|~�_}��4ri���4u,��¤��1���At0|E| ´ ri�y¨�
´ {�� ´ |~��u��2�
£�ri�F��p���ri��t~{�� ¡ � ©,tv�ã�z� ´ �4�
�
r6��tE|Æ��r2¶�{	{zuOri}z}z�
{-f�tÆ®�ri��t~{��9x l £�tv�ãtv�F¯�� ´ ri�����,s ¡ . v i�� u ©
�z�"�4uO�z{��ã¯����z{��
®dr�|Et�g"�4uO{is��"��i�����{2�
£z� ´ {��	����t~¯z�z��t~{��o�
{2�
£z�:t~�	�
�"¶��'r�|�§ó�
{�®Y�
£z� ¡ {6§ó�
�"�Os��"���2|Æ{��z¶z©
�'r�tE|v�:{i§9�
£z��t~���
�"¶��'ri��uët~�d��p���ri��t~{�� ¡ } © ´ r6�d¯���r��:�Ât�g4ri¯�|~��r��F�
£z� ´ {����
��t~¯z�z��t~{��X§ó�
{�®³ri�
{��z��u i����	x

  �or����r<|¦��f r6®o}�|~�^{6§��
£z�a�A�z¯z��|~�"��t~�4�XtÆ��s�{i|~s��4u�t~����p���ri��t~{�� ¡ � ©��z{��
�R��£�ri�o¤�t~�
£ �"�z{��z¶�£
£��	}��"�
}�ri�'ri®X�"�
�"�'�X�
£z�p�"s�tvu��"� ´ �b}z�
{ ´ �4u��z�
� ´ r6� }z�
{zu�� ´ � rZ}�{	�����"��t~{��R�
£�ri�Xtv��£�tÆ¶�£�|Æ� }��4ri���4u
ri¯�{��z�¬�
£z�T®dr-f�tÆ®O�z® |EtÆ����|0t~£z{�{±u .ïx ¡ �¬{���£�tÆ�z¶ëtÆ�p�
£z�2t~���
��t~��t~{��p¯��"£�t~��up��p���ri��t~{�� ¡ � ©�}z�
�4�A�z®o�4�
i�tv�]|Æ{i¤.m�u�t~®o�"���µtÆ{���r�|�xF����u��"�4u,�z��{�®X� ���4���4ri� ´ £z�"�'��£�r4s�� ���A�4u+��£z� �"s�tvu��"� ´ �¦}z��{ ´ �4u��z�
��¤�t~�
£O£�tÆ¶�£/m
u�t~®o�"���Ât~{���r�|.i�xÆ© l £�tv��§ó{6|0|~{i¤¦��§$�
{�® �
£z�O��p���r<|0t~���xs ¡0u v��i:© 1 � � .�s ¡0u v .�©0s ¡ . v��iF©�x l £�tv�
��p���r�|EtÆ���d�A£z{<¤2�F�
£�ri�â§ó{���r1�A��� ´ t~�"�	��|~�o£�t~¶�£/m�u�t~®o�"���µtÆ{���r�| �i ¡ t�x¨��xõ�±�A��� ´ t~�"�	��|~� ����f�t~¯�|~�Ns ¡ . v iâ©
©'�
�
{ ����uM�
£z� i ®dr-f�tÆ®ët g�t~�z¶ts ¡0u v��i:©¦{��z�R�Ât~®o}�|~� ����uz�T�
£z� i�§ó{��O¤¬£�t ´ £ s ¡ . v��i:©¬tv�O£�t~¶�£�|~�
}��4r6���4uRri¯�{��z���
£z�2®dr-f�t~®1�z® |Et~����|Et~£z{	{zu . ¡ t�x¨��x~��ri¯�{��z� ��£z�¦®o{zu��2{i§3s ¡0u v .�©
©'x ª {����A��p��z�"����|~���
§${��¬�
£�ri�.i:�)s ¡ . v#u ��iâ©ãtõ�2r�|v��{o£�t~¶�£�|~�_}��4ri���4u_ri¯�{��z�¬�
£z��®dr-f�t~®O�z®¢|EtÆ����|0t~£z{�{±u .ïx

�W �  #&�� "�^ $�$-b "�Y ]Jb%$+Z�[#b	�_^ Z�bD\Y $|`�"B$ &
���p�
£�tv�2��� ´ ��t~{��p¤���¤�tE|E|F§ó{ ´ ���¬{��^rX}�ri�
��t ´ ��|vri�2��f ri®X}�|Æ�Tt~�p¤¬£�t ´ £p¯�{��
£a��£z��|Et~����|EtÆ£z{�{zu ri��u �
£z�
´ {���u�t~��t~{���r�|F}z��t~{��¦u�tv������t~¯z�z��t~{��bri�
�/	�r6���
�Âtvri���"x�� {��¬�Ât~®o}�|Et ´ tÆ���_�
£z�2|EtÆ����|0t~£z{�{±uZu�{	�4���z{���t~��s�{i|~s��
´ {���s�{i|~�z��t~{����"x l £z�O}z��t~{���tõ� ´ �"���
�"�
�4u_{��_�
£z�+{���t~¶it~�Vr6��uR�
£z�T|Et~����|EtÆ£z{�{zuptv� ´ �"���
�"�
�4uar6��rX}�{it~���
u r�|E|�{i§ ¤�£z{	��� ´ {�®X}�{��z�"���'��£�r�s��O��p���r�| ®�ri¶���t~�
��u�� ��x ¡0l £z�4���X�
�4���
��t ´ ��t~{����D�"�	��r�tE|��z{R|~{	�
�D{i§
¶��"�z�"�'r<|0t~��� u��z���
{a��£z�d�
��ri���Â|vri��t~{���r�|¬ri��uZ�
{��'ri�AtÆ{���r�|Ft~�	siri��tvri� ´ �R{i§ 	�r6���
�Âtvri����©'x  �´"´ {���u�tÆ�z¶6|Æ���
¤�t~�
£�
e�
£z�+u�t~®o�"���Ât~{��p{i§ .ã�z�
£z�2|Et~����|Et~£z{	{zubri��u ¡µ´ {���u�t~��t~{���r�|$©�}z��t~{��¦ri�
��¶6tÆs��"�a¯��

s ¡0u v .�©98� : ;5< =�?�� v CD ?�� v E �2ri��u|s ¡ . v iâ©98 i : ; < =@?�A v CD v E ¡ ²z©
l {dri¶��
�"��¤�t~�
£ ´ {�®o®o{��R���
ri¶����z¤��T¤�tE|0|F�'ri�����
£z�+}z��t~{��2{is��"�,iM�
{X��p���r�| � 4(iV§$�
{�® i���� � �
{

i ����� ri��u�g"�"�
{���|v���"¤�£z�"�
��xFyb��¤�tE|E|�¯���t~���
�"�
�4�����4u�t~�o��£z� ´ {�®o®o{�� ´ r�����¤¬£z�"�
�.i ��� � tv�ãs��"�
� ´ |~{	����
{�g"�"��{�x � t~� ´ �O{��z��r6��r�|~�±�Âtv��¤�{��y¨�¬u��"}��"��u_{��_�
£z����f r ´ �¦sir�|~�z�+{i§�i���� � ¡ �
£z��}z��t~®dri���d� �9� ´ �2{i§
�
£�ri��s<r�|~�z�Ttv�¬�
{����"�¬�
£z�T{<s��"�'r�|E|ï�z{��
®�r�|Et g4r6��t~{��,©'�z£z�"�
�T¤��+¤�tE|E|â�A�"��t~�¦��p���r�|ï�
{��zx   |v��{�� §ó{��¬�
£�tv�
��� ´ ��t~{��9�,¤��O¤�tE|E|��
�
�4ri��i���or����
£z{��z¶�£_t~����p���r<|Æ�4uZri�
¶�®dr(f A s ¡�u v iâ©'x2���2tv�������'r�t~¶�£���§ó{��
¤¬ri�'u��
{
�
�4u�{o��£z�+ri��r�|~�±�µtõ���z��u��"��u�t �9�"�
�"���2�
�4���
��t ´ ��t~{����Ôx

«âs<r�|~��ri�AtÆ�z¶ � � izs ¡ .���iâ©�¶it~s��4� s ¡ .�©Ft~�^���"�
®d�:{i§F�
£z�2t~� ´ {�®o}�|~�"�
�O¶	ri®o®�r�§$�z� ´ ��t~{�� 0
s ¡ .�©98 *� D � � � � ¡ 
�4 } ©��Pi"!�#�$ v . v <&%
� *� D � � ¤¬£z�"� i"!�#�$ v . v <�' 
 4 } 
 ¡ ��©



� qOx±wTxzyb{6|Æ}��"�
��ri��u ª x�«�x±�Mx � ���'ri���
�

��{��
���
£�r6�F§${�� .ar�¤¬r��2§ó�
{�®³�
£z�¬{���t~¶it~�9�	��£z�¬}z��t~{��F§�r�|E|v�:{��^r���r2��� ´ tÆ}z��{ ´ r�|9}�{<¤��"�:{i§×u�tv���'r6� ´ �
§$�
{�®³��£z�¦{��AtÆ¶6tÆ��� �"s��"�d��£z{��z¶�£|s ¡ . v iâ©9tv��	�ri���
�Âtvri�|s ¡ .�©ãtõ���z{��4x ¡
� �"� l £z�"{��
�"® � ¯���|~{i¤ §ó{��¬r
}z�
{�{i§ï{i§9�
£z��¶��"�z�"�'r�|Et~�µ�X{i§ï�
£�tv�:}z£z�"�z{�®o�"�z{��9xÆ© � t~� ´ ���
£z�2�
�
�z�2}�{	�A�
�"��t~{���tv�:}z�
{�}�{��
��t~{���r�|9�
{T�
£z�
}z�
{zu�� ´ ��{i§ï�
£z�2}z��t~{���¤�t~�
£R�
£z��|EtÆ����|0t~£z{�{±u,� t~�¬�
{�{�tv�:�z{��/m 	�r6���
�Âtvri�9x�w�{i¤ �"s��"���
£z�2�"s�tvu��"� ´ �T}z�
{"m
´ �4u��z�
�"y��:}�{	���
�"��t~{��âtv� 	�ri���
�Âtvri�9����{+��£z�¬��¤ {�}�{	���
�"�AtÆ{��'�F®O������u�t �9�"�4x l { ´ r�| ´ ��|vri�
����£z�¦u�t��×�"���"� ´ �
¤���®O����� ����u��
£z�T�"s�tvu��"� ´ �O}z�
{ ´ �4u��z�
�"y���}�{	���
�"��t~{�����ri��uR��{ëu�{X�
£�ri�¬¤���®O����� ���'���¬�"sir�|~��ri�
�

s ¡0u v iâ© 1 � � .�s ¡ .�� u v iâ© 8 ��� i��
i�� � = ?������	
��� E� : 
 ¡ � ©

yZ� ´ ri�a��{i|~s��D§ó{����
£z��}��4ri�R{i§F�
£�tv�¬u�tv���
��t~¯z�z��t~{��9�i ��� 0
i ��� 1 �

} �� <�� � 
 ¡ ��©

� {��
£z�T�"s�tvu��"� ´ �o}z�
{ ´ �4u��z�
�"y��2}�{	���
�"�AtÆ{��¬tv�2r
	�ri���
�Âtvri� ´ �"���
�"�
�4uR¯��"��¤ �"�"�p�
£z�T}��4ri�z��{i§��
£z�
}z��t~{��¦r6��u�|Et~����|EtÆ£z{�{zu ¡ t�x¨��x~��¯��"��¤��"�"� .1 �1r6��u .1%� ©�0

s ¡ . v"u ��i���i© 8 ¡ i���� �F© : ;5< = ?�� � D ? � � E ?BA
��� � D � E 8 = ?�� �
��A �������� D ? �� ��� 	
� � �� E 
 ¡ ��©

��{��
����£�ri� �ëtõ���
£z�Ou�tõ�A�'ri� ´ �1r<|Æ{��z¶÷ri��� ´ {	{���u�tÆ��r6�
�1���"}�r6�'ri��t~�z¶��
£z��}��4ri�z��{i§��
£z��}z��t~{���ri��u
�
£z�O|Et~����|Et~£z{	{zu,x l £z�"�
��§${��
� } ����<Dtv�+��£z�d���"}�ri�'r6��t~{��b¯��"��¤��"�"�M�
£z�o}��4r6�±�T®o�4r��A�z�
�4upt~�M�z��t~�'�T{i§
�
£z�2|Et~����|Et~£z{	{zu�y��2¤�tvu��
£9x�k:�z�¬��p���ri��t~{�� ¡ ��©F{���|~�d£�r���rO®X�4ri��t~�z¶i§ó��|F��{i|~�z��t~{���tE§ } ��� <��ô� �	�z��|~�4�
�
�
£z��}��4ri�z�ori���÷���"}�r6�'ri�
�4uZ¯	�M®o{����d�
£�r6� �
£z��¤�tvu��
£l{i§�|0t~����|Et~£z{�{±u,���
£z�"�
��tv���y¨�or_}��4ri�Zt~�l�
£z�
�"s�tõu��"� ´ ��x ��� �
£�tv�d���"���A�a�
£z�_�"s�tvu��"� ´ �p}z�
{ ´ �4u��z�
�Rtv�X�z{��d�"s��"� ¤���|E| m�u�� ���z�4u �z��|Æ�4���o�
£z�puzri�'r
ri�
�X�z�z��f±}�� ´ �
�4u,x ¡ yb�X�����d��£z�o�
�"�
® c��z�z��f±}�� ´ �
�4u/eprR¯�t~�T|~{	{	�A��|Æ�Z£z�"�
� �F®o{����+§${��
®�r�|E|Æ� m¦ri��u
|vri¯�{���t~{����Â|~�xm¬{��z� ´ {���|vu ri��r<|Æ� g"��£z{<¤ cò�z�z��f±}�� ´ �
�4u/e_�
£z�duzri�'rRr6�
�o¯�� ´ {����Âtvu��"��t~�z¶b��£z�o¤�tvu��
£
{i§��
£z�a}z�AtÆ{��d}z�
�4u�t ´ ��t~s��bu�tv���
�AtÆ¯z�z�AtÆ{�����ri�
£z�"���
£�ri�l�
£z�_¤�tvu��
£ {i§��
£z� |0t~����|Et~£z{�{±u,xE© �_{��
�"{is��"���
r��D�
£z�d���"}�ri��ri��t~{��_t~� ´ �
�4r����4�T¯��"��{���ub��¤�{�¤�tvu��
£��"�F��{a��£�ri� } ����< � } �9�
£z�osir�|~�z� i ��� ¯�� ´ {�®o�4�
��®dr<|0|~�"�2�
£�ri� ��x �F�"�¦r��.i���+��£z�AtÆ�z�z��¯���|~{i¤ �b��£z���"s�tvu��"� ´ �O}z�
{ ´ �4u��z�
�"y��2ri}z}z�
{-f	t~®dr6��t~{��R�
{O�
£z�
}�{����
�"��t~{���ri}z}z�
{	r ´ £z�4���
£z�T|EtÆ����|0t~£z{�{±uMu�tv���
��t~¯z�z��t~{��9x � {÷r���¤��+}�r����¬�
£z� ´ {���u�t~��t~{�� r�|E|~{i¤�t~�z¶R�
£z�
�"s�tõu��"� ´ ��}z��{ ´ �4u��z�
�2�
{T¯��2¤ ��|E|�m�u�� ���z�4u,�z�
£z��uzri�'r2¯�� ´ {�®o�2®o{��
���z�z��f±}�� ´ �
�4u,��ri��uO��£z�¬�"s�tvu��"� ´ �
}z�
{ ´ �4u��z�
�+}z��{±u�� ´ �4�2rO}�{����
�"��t~{��¬¤�£�t ´ £Rt~� ´ �
�4r��Ât~�z¶i|~�^ri}z}z�
{-f�t~®dri�
�4����£z�2|0t~����|Et~£z{�{±u,x

yZ� ´ ri�dri}z}�|~�O�
£z�¬���4���ã§ó��{�® � � ´ ��t~{�� } x l £z�,i m$¤�tvu��
£d{6§ s ¡ .���i�� u © ´ ri�o¯��¦�4���AtÆ®�ri�
�4uT§$�
{�®
t~�'� ´ �z�
s<ri���z�
�1ri���
£z�+}��4ri�ar�����i�� � � �"!$#&% A('*)�+-,/.0 : ��¤�£z�"�
��i���� � �1! tõ���
£z��}��4ri�R}�{	�µtÆ�AtÆ{��9x   }z}	��|EtÆ�z¶
�
£z�o���4���1ri����£z�o}��4ri�Zs<r�|~�z��{i§>.Z§ó�
{�®e�
£z�o�"s�tõu��"� ´ �R}z��{ ´ �4u��z�
�"y?�+}�{	���
�"�AtÆ{��+¤��du�tv� ´ {is��"�4�ã���z�&m
}z��tv�Ât~�z¶i|~�����
£�ri�T�
£z��}��4ri�z�"��i�� � � �"! ri��u i���	�â{���|~�p|EtÆ�_¤�t~�
£�t~�l�
£z��£�r�|E§�¤�tvu��
£9�32 A1'4)�+5,6.< �ã{i§¦�4r ´ £
{��
£z�"�:¤¬£z�"�|i����87# < �0 : x l £�r6�Ftv�"��t~�d¶��"�z�"��r�|��	��£z�,im$}��4ri�z��{6§×��£z� ��{it~�	�:}z�
{�¯�ri¯�tE|Et~���÷u�tv���
�AtÆ¯z�z�AtÆ{��
ri��u��
£z���"s�tvu��"� ´ �+}z�
{ ´ �4u��z�
�T¤ {��y¨��{is��"��|vri}Rr�������p���t~�
�4uX§${����
£z���"s�tõu��"� ´ �O}z�
{ ´ �4u��z�
�"y���ri}z}z�
{-f m
t~®dri��t~{��l��{b¯��/��������t����4u,x �a{��
�"{is��"�4�ã¤¬£z�"� ��£z�"��u�{b{is��"�A|õr6}9�F�
£z�R}�{����
�"��t~{��Otv����{i|Etvu�|~�MtÆ� �
£z�
|Et~����|EtÆ£z{�{zuau�{�®Ot~��ri���4uO�
�"¶it~®o� ¡ §ó{��ã|vri��¶�� 
Z©'x � � ´ �AtÆ{��÷��u�tv� ´ ���
�A�4����£z�¬{is��"��|vri} ´ ��t~�
�"�Atõr�§ó{��
®dr�|E|~��x

l £z�4���dri��u_�
��|vri�
�4uV� �×� ´ ���+ri�
�TtE|E|~�����
�'ri���4upt~� ��¶��z��� � x � t~� ´ �d��£z�o�"s�tvu��"� ´ �Rri}z}z�
{-f�tÆ®�ri�
�4u
}�{����
�"��t~{��Dtõ�Or_���	®X®o�"�
��t ´ 	�ri���
�µtõr6�pt~�+tv�D§$��|0|~� ´ £�r6�'r ´ �
�"��t�g"�4uZ¯	�bri���b�Ât~�z¶i|~�R{��z�	m�u�t~®o�"���Ât~{���r�|
�Â|Et ´ ���
£z�
{��z¶�£Ot~�'�F}��4ri�íx l £�tv�ãtv�:�z{����
£z� ´ r����2¤�t~�
£o�
£z�¬���
�z�¦}�{	���
�"�AtÆ{����z��§${��
�
�z��ri����|Æ���z�Ât~� ´ �2�
£�ri�
}�{����
�"��t~{���tv�2�z{��¦����®o®o�"�
�At ´ ri¯�{��z��tÆ���¬}��4ri�íx2�¬{��z�"�
£z��|~�4�
�"�,¤�� ´ ri� |~�4ri�
�^rë|~{���ri¯�{��z�2�
£z�T�
�
�z�
}�{����
�"��t~{���¯��+|~{�{���tÆ�z¶�ri� rT�Â|Et ´ �T�
£z�
{��z¶�£Ot~� ¶�{it~�z¶+§$�
{�® �
£z�2{���t~¶it~�d{��z� r�|~{��z¶O�
£z� u u�tÆ��� ´ ��t~{���t~�



yôw  �l k   ��« � w  T� l�� ��  �   k � � l l w2« «��2�µq�«:� ª «��:� ��ª «�q � �¬« �

20 f     β=0.5  Ν=1

a

20 f     β=0.75 Ν=1

b

20 f     β=1.25 Ν=1

c

20 f     β=0.75   Ν=10

d

��t~¶��z�
� � 0�� \���b�]���b Y#& 0 l �
�z��}�{	���
�"��t~{����!s ¡ . v#u ©���� \)Z�� � "B$@ 0F«Fs�tvu��"� ´ �¦}z��{ ´ �4u��z�
�"y?�ã}�{	�����"��t~{��
s ¡ . v i����� u ©��	� "B$@ #&/] 0¦�t~����|Et~£z{	{zu s ¡0u v .9©�x 	2{it~�z¶�§ó��{�® ��¶��z�
� ¡ r�©��
£z��{��z¶�£ ¡µ´ ©'���
£z�"�
�Ttv�
t~� ´ �
�4r��Ât~�z¶Ou�tõ�A�'ri� ´ � ¡ t�x¨��x~��t~� ´ �
�4r��µtÆ�z¶ } � u < ©í¯��"��¤ �"�"�O�
£z�:}��4ri�z�ã{i§,�
£z��}z��t~{���r6��u+��£z��|Et~����|Et~£z{	{zu,x
�z{�� } ��� < 7 � ��i���2tv���z��u�� ���z�4u,x¬��t~¶��z�
� ¡ u�©Ft~� ´ �
�4r����4���
£z�1u�t~®o�"���µtÆ{��a§$�
{�® � 1 � ��{d� 1 � � �
�
£z��®Otv��®�ri� ´ £R¯��"��¤��"�"�a�
£z�+u�tv���
�AtÆ¯z�z�AtÆ{����2¯�� ´ {�®o�4��¤�{��'����x ¡ i������ 1 � ��� ��� 1 } ©
.b��}�r ´ ��x���t~¶��z��� � ��£z{i¤¦�¬��£�tõ���µ|0t ´ �ori��u_�
£z� ´ {��
�
�4��}�{���u�t~�z¶^�Â|Et ´ �O{i§��
£z�O�"s�tõu��"� ´ �X}z�
{ ´ �4u��z���"y��
}�{����
�"��t~{���§${��¬siri��t~{����¬�A�"}�ri�'ri��t~{����Ô��t�x¨��x~�zsiri��t~{�����sir�|~�z�4�2{i§ } ��� < x l £z�2|Et~����|Et~£z{	{zu_tv�2r�|v��{d��£z{i¤¬�9x
l £z��}�|~{��'��§${���{��
£z�"�¦�Â|Et ´ �ou�t~�
� ´ ��t~{�������f±£�t~¯�t~�+�Ât~®OtE|vri��¯��"£�r�s�tÆ{��4x

l £z�4���¦}�|~{���� �A£z{<¤ �
£�r6���
£z�2�"s�tvu��"� ´ �Ori��uo���
�z�¦}�{	���
�"�AtÆ{��'�:£�r4s���u�t��9�"�
�"�����A�	®o®X�"�
��t~�4�"��}��4ri�
}�{��Ât~��t~{�����ri��uT¤�tvu��
£��"x��_{��
�"{is��"�ã�
£z���
�
�z��}�{	�����"��t~{�� ´ ri�o£�r�s�����¤�{¦}��4ri�±�â¤¬£z�"�
�4r��â�
£z���"s�tvu��"� ´ �
}z�
{ ´ �4u��z�
�"y���}�{	���
�"�AtÆ{�� {���|Æ��£�r��:{��z���zri��u��
£z�2�
�
�z�2}�{����
�"��t~{����
�"��uz����{1£�r�s�� ¡ ��{�®o�"��t~®o�4�:®O� ´ £,©
®o{����¬{i§,t~�'�F}z�
{�¯�ri¯�tE|0t~��� c�®�r��
�&e2�z�4ri���
£z��{���t~¶it~�9x   |õ�A{+�z{��
���
£�ri����£z�¬�z��t~�
£z�"���
£z�¦}��4ri�O}�{	�µtÆ�AtÆ{��
�z{��9}��4ri��¤�tvu��
£��,{6§±�
£z�:��¤ {�u�tv���
��t~¯z�z��t~{����Fri}z}z��{	r ´ £�{��z� ri�z{��
£z�"�,�z�	��tE|z�
£z��u�tv���
��t~¯z�z��t~{����F�A�'ri�
�,�
{
´ {���s��"�
¶���{��X�
£z��|Et~����|EtÆ£z{�{zu|mïri�F¤�£�t ´ £o}�{it~�	���
£z�¬���
�z��}�{	�����"��t~{��Ftv��ri¯�{��z��r��F¤���|E|íri}z}z�
{-f�tÆ®�ri�
�4u
¯��d�
£z�2|Et~����|Et~£z{	{zubr�� tÆ��tv��¯��R�
£z���"s�tvu��"� ´ �O}z�
{ ´ �4u��z�
�"y���}�{	�A�
�"��t~{��4x

� {��,|vri�
¶�� �"�z{��z¶�£Ni�������r6��u�i���� � ´ |~{	�����
{��z��r�� 
 t~� ´ �
�4r����4�ã�
£z��}��4ri�z�ã{i§��
£z�:�
�
�z�:}�{	�����"��t~{��
ri��uZ{i§¦�
£z���"s�tõu��"� ´ �_}z�
{ ´ �4u��z�
�"y��T}�{	�A�
�"��t~{��ou�{��y¨�T®o{is����ã�z{��ou�{	�4�T�
£z��}�{	�µtÆ�AtÆ{��l{i§¦�
£z��}��4ri�
{i§��
£z�R�"s�tõu��"� ´ �p®o{is���xtk:�z�dr�|E|¦��£z{	���au�tv���
��t~¯z�z��t~{�����
�ri��u tÆ� }�ri�
��t ´ ��|vri���
£z�R}�|~{��'�Tt~� ��¶��z�
�
� 
 ¯�� ´ {�®o�o��£�ri�
}��"� ¡�´ §Ax���p���ri�AtÆ{���� ¡ ²��í�z�,ri��u_��©'��ri��u ´ {�®X}�ri�
� ��¶��z�
�4� � ¯^ri��u � u�©'x ¡ q2�z�+�
{
�
£�tv���A£�ri�
}��"��t~�z¶o{6§í}��4r6�±�:�
£z�¬}�|~{����ã§${��F£�t~¶�£�
 sir�|~�z�4��ri�
�"�y¨�Fs��"���+t~��§${��
®dr6��t~s�� ���
£�tv�âtv�F¤¬£��O�
£z�
}�|~{��'�:ri�
��§${��ã|~{i¤ 
 s<r<|Æ�z�4�:�"s��"�X�
£z{��z¶�£o��£z�¬�"s�tvu��"� ´ �2tv���y¨�:s��"�
�O}��4r6���4uO§${��ã|~{i¤ 
 s<r�|~�z�4�"xÆ© � {
r�� 
 t~� ´ �
�4r������,��£z�1�"s�tvu��"� ´ �o¯�� ´ {�®o�4�2®o{��
�T}��4ri���4u,x k:�z�+ri�2�
£z�O�
ri®o�T��t~®o�O�
£z�ou�tõ� ´ �
�"}�ri� ´ �
¯��"��¤��"�"�a��£z���
�
�z��}�{����
�"��t~{��¦r6��u��
£z�+�"s�tvu��"� ´ �1}z��{ ´ �4u��z�
�"y?��}�{	�A�
�"��t~{��2¶��"�'�� ! ����=��z�z{��¬¯��"�
�
�"�4x

	�t~s��"�÷r<|0|,�
£�tv�"��t~���A�"�"®d�â§ör�t~���
{O�
r��1��£�ri���
£z�2�"s�tõu��"� ´ �T}z�
{ ´ �4u��z�
�"y��:}�{	�A�
�"��t~{��:tv� rD}�{�{����
�"}/m
�
�4���"���'ri�AtÆ{��o{i§í��£z�¦�
���z�¬}�{	�A�
�"��t~{���
 ��f ´ �"}z�:§ó{��ãt~���
£z� ´ r��A�¬¤¬£z�"���
£z�¬}z��t~{���u�{	�4���y ��®dri���
�"� ¡ t�x¨��x~�
¤¬£z�"�p�
£�t~�z¶	��ri���+|Et~����|Et~£z{	{zuMu�{�®Ot~��ri�
�4u�©'xT�¬{��z�"��£z��|Æ�4���"��t~� ��{�®o� ´ t~� ´ �z®d���'r6� ´ �4�"�9�
£z�T�"s�tvu��"� ´ �
}z�
{ ´ �4u��z�
�"y��2}�{	���
�"��t~{�� ´ {���|vup}z�
{is�tvu��ërX¶�{�{±u_ri}z}z�
{-f�tÆ®�ri��t~{��R§${�� ´ r�| ´ ��|vri��t~�z¶R|~{i¤.m�u�t~®o�"���Ât~{���r�|
��fz}�� ´ �'ri�AtÆ{��ls<r�|~�z�4�"x l £�tv�O¤�tE|E|¦{ ´"´ �z�TtE§��"�
�
{��z�"{����T¯��"£�r4s�t~{��Ot~�l�
£z���'r�tE|v�O{i§¬�
£z�au�tv���
�AtÆ¯z�z�AtÆ{��
c ´ {�®X}��"���
ri���4�&eT§${����"�
�
{��z�"{�����¯��"£�r�s�t~{���t~�a�
£z� ´ �"�	���'r�|9�
�"¶it~{����"x ¡
� �"� � � ´ ��t~{��p²O¯���|~{i¤+xE©

��t~��r�|E|~����¤��¬}�{it~����{��z�:�
£�ri�ãt~�Ftv��r��Ât~®o}�|~��®dri���
�"�ï��{ ´ r�| ´ ��|vri�
�2�
£z�¬�
���z�¬}z��t~{�� ¡ ri��uO�
£z�"�
��§${��
�
�
£z�2}�{	�A�
�"��t~{��"©ã�z{���{���|~�o¤�£z�"�d�
£z� ´ {���u�t~��t~{��z�4u�}z��t~{��:tv� 	�ri�����Âtvri�9��¯z�z� r�|v��{O¤¬£z�"�Xt~��tv�:�"���
�
{�}�t ´



� qOx±wTxzyb{6|Æ}��"�
��ri��u ª x�«�x±�Mx � ���'ri���
�

¡ ���"����p���ri��t~{�� ¡ ��©9ri��u n ���-o ©�xï�_{��
�"{is��"�4�Ô§${��ï¯�{��
£o� ´ �"��ri�AtÆ{��ã{��z� ´ ri�O{i§ó���"�ëu�t~�
� ´ �A|Æ�ori}z}z��{�f�t~®dri�
�
�
£z�p��f�r ´ �R}�{	�A�
�"��t~{��R¤�t~�
£ôr ´ {���s��"��t~�"�	� §ó{��
®ax «�p���ri��t~{�� ¡ ��©O}z�
�4���"���'�Rri� ��f�ri®o}�|~�b{i§O�
£�tv�
§${��R�
£z� 	�ri���
�Âtvri� }z��t~{�� ´ r�������ri��u §${��R�
£z�b�"���
�
{�}�t ´ }z��t~{��^��� ´ £Yrlu�t~�
� ´ �pri}z}z�
{-f	t~®dr6��t~{�� tv�
s ¡ .�© # � 4 3 ¡ .�© :�;5< �F¤¬£z�"�
� � tv�T�
£z�d�"���
�
{�}	� ¡ ���"� n ���-o ©�x÷��{��z�"�
£z��|~�4�
�Ô�F{��z� ´ ri� �z{��+�
��|~�R{��z�
�
£z��}�{	���Ât~¯�t0|Et~��� ��£�ri�+�
£z�"���d®Ot~¶�£��+¯�� ´ r����4�T¤¬£z�"�
�o�
£z���"s�tõu��"� ´ �R}z��{ ´ �4u��z�
�"y?��§$�z� ´ ��t~{���r�|�§${��
®
§${����
£z��}�{	�����"��t~{��Ftv�:®o{��
� ´ {���s��"��t~�"��� ��£�ri� c"u�t~�
� ´ �¬ri}z}z�
{-f�t~®dri��t~{����&e�§${��:�
£z�¬}�{����
�"��t~{��4x � ���
£z�
{��
£z�"�2£�ri��up{6§ ´ {��z�'�����,�z��|Et~�����
£z�+��f�r ´ � ´ r�| ´ ��|vri��t~{��y���§ó{��
® §${��2�
£z�O}�{	�A�
�"��t~{��4�,¶��"�z�"��ri��t~�z¶R�
£z�
�"s�tõu��"� ´ �O}z�
{ ´ �4u��z�
�"y���§${��
®¢�"�	��r�tE|õ���
� ´ r�| ´ ��|vri��t~�z¶{i���D§ó{����4r ´ £R�z�"¤ uzri�'ro���"��x

�zW �
$-b Y��2&�'zb�] & Y`�&��<\ [FZ� b Y��#$F\)Z� �& [FZ� �"�YdZ� �&*)J\#$+Z�& [#bD\ [
�����
�"�
�4�A��t~�z¶i|~�l�"�z{��z¶�£9��r�|E|¬�
£�tv�ou�{��4���y¨�o®X�4ri� ��£�ri�O�
£z�d�"s�tvu��"� ´ �p}z�
{ ´ �4u��z����tõ�ë������|~�4�
�"x l £�tv�
tv�2¯�� ´ ri���A�1�"s��"�^��£z{��z¶�£Rt~��¶��"���¬�
£z�T}�{	�A�
�"��t~{���¤¬�
{��z¶�� ���B=	��
�= �� � ����
 !�� � ��� �"!����/��� =��
=��¬�
£z�
�"s�tõu��"� ´ ��}z�
{ ´ �4u��z�
�"y��ãri}z}z�
{-f�t~®dri��t~{��2§${��,|~{i¤.m�u�t~®o�"���Ât~{���r�|z��fz}�� ´ �'ri�AtÆ{��+s<r<|Æ�z�4� ´ r6��¯�����f ´ ��|E|~�"�	�4x

  �pri� ��f ri®X}�|Æ��� ´ {����Âtvu��"�b�
£z�M}�{	�����"��t~{��p��f±}�� ´ �
�4u s<r�|~�z� {i§drl§$�z� ´ ��t~{���� ¡ .�©�0������ �� � i � � .�� ¡ .�©.s ¡ .���i v/u ©'x � �z}z}�{	�A�o�
£�ri���atv�+rR�µtÆ®X}�|Æ�ë§ó�z� ´ ��t~{��Z{i§�rR�Ât~�z¶i|~� ´ {	{��'u�t~��ri�
� . �6�
ri��u_�
£�ri��s ¡ .�� u v iâ©�§ör ´ ��{��'�¬r�� � : !#" * s ¡ . ! � u ! v iâ© ¡ r���tÆ�+u�{��4��t~�b{��z� 	�ri�����Âtvri���2��f r6®o}�|~�i©'x
l £z�"�_¯	����p���r6��t~{�� ¡ } ©'�

�$����1 � A&%('*)
A %,+ -

�!i � � .,� ¡ . �4© s ¡ .���i v#u ©
s ¡ i v#u © s ¡ i v"u ©�


ª ri� ´ ��|E|0t~�z¶R�
�"��®d��¯��"��¤��"�"�a��£z�+���z®o�"�'ri�
{��,s ¡ .���i v"u © ri��u �
£z�1u��"�z{�®ëtÆ��r6�
{��,s ¡ i v"u © 1� � .�s ¡ .���i vGu © ¡ �
� ´ r<|0|ã�
£z�1r������z®o}z��t~{��R�
£�r6�,s ¡ .�� u v iâ©F§�r ´ �
{�����©'��¤��+���"���
£�ri�

�.��� 1 � A %('*)
A %,+ -

�!iJs ¡ i v"u ©0/ ¡ iâ© ¡ � ©

¤�£z�"�
�1/ ¡ iâ©2� � � D '431� D ' ��5 � D '#6 � ' � A �� � D ' 5 � D '76 � ' � A � 1 ��� . �8� ¡ . �4©0s ¡ . � v#u �#��iâ©�

«�p���r6��t~{���� ¡ � ©,ri��u ¡ } ©±£�r�s��:�
£z���
ri®X�F§${��
®a�"��f ´ �"}z�ã�
£�ri�,t~�O��p���r6��t~{�� ¡ � ©��
£z�F�'ri�AtÆ{�{ ´"´ �z�
�AtÆ�z¶

t~�+�
£z�ât~�	�
�"¶��'ri��u ¡ / ¡ iF©�©±{���|Æ�Dt~�	s�{6|Æs��4�9{��z�	m�u�t~®o�"���µtÆ{���r�| p���r6�	��t~��t~�4�"x   �ïr��
�4����|~�4��{i§ó���"�+��p���ri��t~{��
¡ � ©+u�{��4�T�z{��O¶it~s��R���O�
£z�R�
ri®o�au�t�� ´ ��|~���M�
£�ri�O��p���r6��t~{�� ¡ } ©�u�tõu �2�Ât~� ´ ��t~� ��p���ri��t~{�� ¡ � ©2�
£z�
u��"�z{�®Ot~��ri��{���{i§9�
£z���'ri��t~{�tv��r�{��z�	m�u�tÆ®X�"���Ât~{���r�|9t~���
�"¶��'r�|��6tÆ�:tv�F{6§ó�
�"�X�z{�� �����
{��z¶i|~�O}��4ri���4u,�±�A{+�
{
£�r�s��2�
£z�¦��ri��t~{O¯�����®o{�{��
£�{��d��£z��� ´ r<|Æ��{6§ï�
£z�2}��4ri��{i§9�
£z�2�"s�tvu��"� ´ �ou�{	�4�:�z{����
��p���t~�
���
£�ri�:�
£z�
���z®o�"�'ri�
{��¬{i§F�
£�ri�¬�'r6��t~{o¯��o���
��{��z¶i|~�d}��4ri���4u,�,r���tÆ��u�tvu�t~�p��p���r6��t~{�� ¡ } ©'x � {�r���|~{��z¶Rr���0�i�� �&�
tv�T�z{��O�
{	{ |vri�
¶�� ¡ ��{_�
£�ri�+��£z�d�'r<t0|v�Ou�{��y¨� ´ {����
��t~¯z�z�
��®1� ´ £,©��9/ ¡ iF©2tv�T�z{��1r_�'ri}�tvu�|~�Ms<ri�
��t~�z¶
§$�z� ´ ��t~{�� ¡ r ´ {���u�tÆ�AtÆ{��a{i§$�
�"��®o�"�:§ó{����Ât~®o}�|~�+��fz}�� ´ �'r6��t~{��Rs<r�|~�z�4�:|Et~�����
£z�2®o�4ri�,©��±r6��u6s ¡ i vGu ©
tv�dr_£�t~¶�£�|~� }��4ri���4u�§ó�z� ´ ��t~{�� {i§ i ¡µ´ §
xM��p���r6��t~{�� ¡ � ©
©����
£z�"� ´ r�| ´ ��|vri��t~�z¶ ��£z�a��fz}�� ´ �
�4u:� ¯	�
´ {i|E|vri}��Ât~�z¶R�
£z�2t~���
�"¶��'r�|ã{<s��"�LiMu�{i¤¬�R�
{o��£z��}��4ri�R{i§�s ¡ i v#u ©�®Ot~¶�£��¬¯�� ��������t����4u,x

/ ¡ iF©�ri��uhs ¡ i v u ©2§${��+�
£z�	�r6���
�Âtvri��� ´ r����Rri�
�R�����"� ´ £z�4uVtÆ� ��¶��z�
�d²_§${��;� ¡ .9© 1 . ¡ ��{
�$���¬tv�O�
£z�R}�{	���
�"�AtÆ{��ër�s��"��ri¶��
.9©�x l {b£�t~¶�£�|Et~¶�£��d��£z�ot~®o}�{��
�'ri���or���}�� ´ �'�O{i§¦��£z�R}�|Æ{��4��s ¡ iâ©�tv��íri�2¯��"��¤��"�"�b�dri��u i������o�'ri��£z�"�¦�
£�r6� (i� �9�
�"�z�"x l £z�4���O}�|~{��'�2��£z{i¤Y��£�ri���µ|Æ{i¤�|~� m$s<ri����t~�z¶</ ¡ iF©
ri��uZ}��4ri���4uts ¡ i vu ©+ri�
�o�z{��1�z� ´ {�®o®o{��9�F}z��{<s�tvu��4ub{��z�d£�r��Ori}z}z��{�}z��tvri�
� ´ £z{6t ´ �4�ë{i§,i � �&�
ri��uM�
£z��|Et~����x ¡ ��{��
���
£�ri�O�
£�tv�Ttv�O�z{��O�
£z�R¯��"£�r�s�t~{��o{6§�r�|E|¦�
£z�R}�|~{��'�T£z{i¤��"s��"�4xE© � {VtÆ� ��{�®o�
´ t~� ´ �z®d����ri� ´ �4�:�
£z�¦�"s�tvu��"� ´ ��}z�
{ ´ �4u��z�
� ´ r6�÷r ´"´ �z��ri�
��|~�o�4����t~®dr6�
��|~{i¤.m�u�t~®o�"���Ât~{���r�|9��fz}�� ´ �'ri�AtÆ{��
s<r<|Æ�z�4�:�"s��"�ët0§,t~��}�{	{���|~�ër6}z}z�
{-f	t~®dri���4�ã�
£z� ¡ £�t~¶�£/m�u�t~®o�"���Ât~{���r<|ó©:}�{	�����"��t~{�� u�tv���
�AtÆ¯z�z�AtÆ{��9x l {�£z��|~}
�z��u��"�'����ri��uM�
£�tv�Tt~�l|Et~¶�£��o{i§¦�
£z�R}z��� ´ �4u�tÆ�z¶lu�tv� ´ ���
�Ât~{��9���z{��
�d��£�ri��s ¡ i vJu ©�tv�O���A��r�|E|Æ�l{���|Æ�



yôw  �l k   ��« � w  T� l�� ��  �   k � � l l w2« «��2�µq�«:� ª «��:� ��ª «�q � �¬« �

1 0
5

1 0
4

1 0
3

1 0
2

1 0
1

1 0
0

1 0
-1

1 0
-2

1 0
-3

1 0
-4

      α/β

Likelihood 
Dominated
 Regime

Long Non-Zero Tails

Prior Dominated Regime

 R(α)
Evidence with increasing separation
of the likelihood and prior peaks:

  P(α|D) for βd2/N = 0.07   N=16
  P(α|D) for βd2/N = 0.09   N=16
  P(α|D) for βd2/N = 6.25   N=16
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